Abstract. There are two different pathways for the development of colorectal carcinoma (CRC), adenomacarcinoma sequence (ACS) and de novo (DN) carcinogenesis. To clarify the molecular and clinicopathological characteristics in colorectal carcinogenesis, we examined endoscopically resected specimens of 30 adenomas, 30 carcinoma in adenomas (CIAs), and 18 early pure colorectal carcinomas without any adenoma component (EPCs, so called DN carcinoma) and compared the expression of Fhit, Mlh1, Msh2, P53 and cellular phenotype (HGM, MUC2 and CD10). Markedly reduced or absent Fhit expression was noted in 8 (44%) of 18 EPCs, but none of the adenomas or CIAs (p<0.0001). Six (33%) of 18 EPCs showed loss of Mlh1 expression, but rarely in adenomas and CIAs (p=0.008). This altered Fhit expression was significantly higher in submucosal invasive cancers (p=0.001), lymphatic or venous invasive cancers (p=0.0018), and tumors with altered expression of Mlh1 (p=0.01). The incidence of P53 overexpression was significantly higher in EPCs (39%) and CIAs (27%) than in adenomas (3.3%) (p<0.05). There were significant differences in phenotypic expression between the adenomatous and carcinomatous areas. Moreover, in CIAs and EPCs, the rate of P53 overexpression was significantly higher in the CD10-positive cases (53%) than CD10-negative cases (19%) (p=0.04). The present findings suggested that aberrant Fhit and Mlh1 expression could be related to DN carcinogenesis and that P53 overexpression and changes in phenotypic expression could contribute to the malignant transformation of colorectal precursor lesions.
Introduction
On the basis of clinicopathological features, two different pathways for colorectal carcinogenesis have been proposed. The adenoma-carcinoma sequence (ACS) proposes that the carcinoma arises from a pre-existing adenoma, whereas the second pathway is de novo (DN) development of the carcinoma (1) (2) (3) . DN carcinoma is thought to develop directly from non-neoplastic colorectal epithelia without adenomatous precursors. Previous reports emphasized that these lesions appeared to be more aggressive than the conventional ACS type carcinomas, since they had a tendency to more deeply invade the colonic wall at a smaller size (3) (4) (5) .
A candidate tumor suppressor gene, Fragile Histidine Triad (FHIT), was identified at chromosome 3p14.2 spanning the FRA3B common fragile site. Abnormalities and reduced expression of the FHIT gene have been found in a variety of human cancer cell lines and primary tumors (3, 6) . It was also suggested that Fhit plays a role in the development and progression of colorectal carcinoma (CRC) (7) (8) (9) (10) . Recent studies have revealed that reduced Fhit protein expression is associated with a deficiency of mismatch repair (MMR) in human advanced CRCs (11) (12) (13) . However, there are few reports in relation to early colorectal carcinogenesis.
Gastric and intestinal phenotypic expression is important for the histogenesis of cancers of the digestive tract. We and others have previously demonstrated a relationship between clinicopathological findings and phenotypes using gastric and intestinal phenotypic markers such as HGM, MUC2 and CD10 in stomach cancers (14) (15) (16) (17) . Changes were also seen in intestinal metaplasia, a putative precancerous lesion for stomach cancers (18) (19) (20) . Several reports have pointed to changes of phenotypic expression in colorectal carcinogenesis and thus it is of interest to analyze links between phenotypic expression and pathways of colorectal carcinogenesis, especially from adenomas to early CRCs, and with progression (21) (22) (23) (24) (25) .
In the present study, Fhit, Mlh1, Msh2, P53 and phenotypic expression were analyzed in early colorectal neoplasms. The results indicate that aberrant Fhit and Mlh1 expression could be related to DN carcinogenesis and that P53 and phenotypic expression could contribute to the malignant transformation of colorectal precursor lesions.
Materials and methods
Patient samples. Tumor specimens were obtained from 78 patients (46 males and 32 females), who had undergone endoscopic resection at Tottori University Hospital. There were 3 groups/30 adenomas, 30 carcinoma in adenomas (CIAs), and 18 early pure carcinomas without any adenoma component (EPCs). Adenomas and CIAs measuring more than 10 mm were selected. All histologic types of CIAs and EPCs were well differentiated adenocarcinomas. Moreover, these neoplasms were confined to the mucosa or submucosa. We speculated that EPC groups should contain DN carcinomas. Histological evaluations were made according to the classification established by the Japanese General Rules for Clinical and Pathological Studies on Cancer of the Colon, Rectum and Anus (26) . In this study, adenoma samples corresponded to low or high grade adenoma/dysplasia, and CIA and EPC samples confined to the mucosa and those confined to the submucosa corresponded to non-invasive carcinoma or intramucosal carcinoma and submucosal carcinoma in the Vienna classification system, respectively. The macroscopic features were use to divide tumors into two major types: polypoid, and flat or depressed. A flat and depressed tumor was defined as an endoscopically visible flat and/or depressed mucosal lesion with a height that was less than half the diameter of the lesion (27) . All other tumorous lesions in the colon were termed polypoids. The clinical characteristics of the patients are listed in Table I . Pathological diagnoses were verified by two experienced pathologists (H.A. and H.I.). All the cases were analyzed anonymously, that is, all the specimens were assigned a new number without any personal information. Institutional Review Board approval was obtained.
Immunohistochemical staining. Paraffin-embedded, 4 μm-thick sections were immunohistochemically stained with an anti-Fhit rabbit polyclonal antibody (IBL, Gunma, Japan; dilution 1:100), an anti-MSH2 mouse monoclonal antibody (FE11, Oncogene Research Products, Boston, MA, USA; 1:100); anti-MLH1 mouse monoclonal antibody (G168-15, PharMingen, San Diego, CA, USA; 1:50), an anti-P53 mouse monoclonal antibody (DO-7, Dakopatts, Copenhagen, Denmark; 1:50), an anti-human gastric mucin (HGM) mouse monoclonal antibody (45M1, Novocastra Laboratories, Ltd., Newcastle, UK; 1:50), an anti-MUC2 mouse monoclonal antibody (Ccp 58, Novocastra; 1:100) and an anti-CD10 mouse monoclonal antibody (56C6, Novocastra; 1:50) using the avidin-biotin-peroxidase complex technique.
Immunohistochemical staining was performed as described below. In brief, after deparaffinization in xylene and rehydration in ethanol, the sections were immersed in a citrate buffer (0.01 M, pH 6.0) and heated in a microwave oven for 20-30 min to retrieve antigens, then incubated with the primary antibody overnight at 4˚C. As a negative control, the primary antibody was replaced with normal serum IgG in a similar dilution. The detection reaction was carried out with a Vectastain Elite ABC kit (Vector Laboratories, Burlingame, CA, USA). Diaminobenzidine was used as a chromogen, and hematoxylin as a couterstain. The sections were incubated with biotinylated anti-rabbit or mouse IgG and avidin-biotinperoxidase and visualized using diaminobenzidine tetrahydrochloride. The protein expression was evaluated by two independent observers (H.A. and K.Y.). The immunohistochemical analysis was performed in a blinded manner with respect to the clinical information.
Assessment of Fhit immunostaining. The expression of Fhit was graded for both the extent and intensity of immunopositivity as described previously (8) . The extent of positivity was scored as follows: 0, <5%; 1, 5-25%; 2, 25-50%; 3, 50-75%; and 4, >75% of the colonic epithelial cells in the respective lesions. The intensity was scored as follows: 0, negative; 1+, weak; 2+, moderate; and 3+, as strong as normal mucosa. The final score was obtained by multiplying the positivity and intensity scores, producing a range from 0 to 12. Scores 9-12 were defined as a preserved or strong staining pattern, scores 5-8 were defined as an intermediate staining pattern, and scores 0-4 were defined as a markedly reduced or lost expression. Normal colorectal epithelia adjacent to the tumor cells showed moderate to strong cytoplasmic expression of the Fhit protein from the basal portion to the luminal differentiated cells; these findings served as an internal positive control. Smooth muscle cells and inflammatory mononuclear cells were positive to various intensities and degrees.
Assessment of Mlh1 and Msh2 immunostaining.
Normal tissue adjacent to the tumor was used as an internal positive control. The normal staining pattern for both Mlh1 and Msh2 was nuclear. Cases with definite nuclear staining in >30% of the tumor cells were categorized as positive, while cases with definite nuclear staining in <30% of the tumor cells were categorized as negative (28) . In the normal mucosa, staining was detected predominantly in the areas of active proliferation, Table I . Clinicopathological features in early colorectal neoplasms. Venous invasion -
such as the germinal centers of the lymphoid follicles and the lower portions of the normal colonic crypts. Normal stromal cells such as fibroblasts and endothelial cells also showed nuclear positivity for both the proteins.
Assessment of P53 immunostaining. Five representative fields were examined, and a total of 1000 tumor cells (200 for each field) were counted under the microscope with a high power (x200) objective. A distinct nuclear immunoreaction was assessed as positive. In this study, the specimens were regarded as p53-positive when over 25% of tumor cells showed positive signals.
Assessment of HGM, MUC2 and CD10 immunostaining and classification of the phenotypes.
In the normal alimentary tract, HGM staining was seen in the cytoplasm of the gastric foveolar epithelium and mucous neck cells. MUC2 staining was seen in the cytoplasm around the nuclei of goblet cells. CD10 staining was seen along the brush border of the luminal surface of the epithelium. Although CD10 can also be expressed in the apical portion of the cytoplasm in normal colonic mucosa, only the expression of CD10 on the brush border was studied. The results of staining were categorized as either positive or negative. Staining of >10% of the adenoma and carcinoma cells was classified as positive expression and that of <10%, as negative expression. 
Results
Clinicopathological features. The clinicopathological features of the subjects are summarized in Table I . The size of CIAs were larger than that of adenomas and EPCs (p<0.04). There was no significant difference between adenomas, CIAs, and EPCs in any of the factors other than size. Twelve of 18 EPCs were flat elevated or depressed, whereas 29 of 30 adenomas and 29 of 30 CIAs were polypoid features. Six of 30 CIAs and 11 of 18 EPCs invaded the submucosa. None of the CIAs showed lymphatic and venous invasion, 6 of EPCs showed lymphatic invasion, and 4 of EPCs showed venous invasion.
Fhit, Mlh1, Msh2 and P53 expression in early colorectal neoplasms. Reduced or absent Fhit expression was noted in 8 (44%) of EPCs, but none of the adenomas or CIAs (p<0.0001). Six (33%) EPCs showed loss of Mlh1 expression, compared to only 1 (3%) adenoma and 1 (3%) CIA (p=0.008). Loss of Msh2 expression was detected in one of the 18 EPCs, but none of the adenomas or CIAs. The incidence of P53 overexpression was significantly higher in EPCs (39%) and CIAs (27%) than in adenomas (3%) (p<0.05). Among the tumors with reduced or absent Fhit expression, 4 (50%) of 8 showed loss of Mlh1 and/or Msh2 expression, compared to just 3 (7.5%) of 40 tumors with preserved or intermediate Fhit expression (p=0.01) (Fig. 1) (Table II) .
We also analyzed the relationship between these results and the clinicopathological data (size, tumor location, macro- . Reduced Fhit expression was detected in 1 (3%) mucosal confined tumor and 7 (41%) submucosal invading tumors among 48 early CRCs (30 CIAs and 18 EPCs). The incidence of reduced Fhit expression in the early CRCs was significantly higher in the submucosal invading tumors than mucosal confined tumors (p=0.001). Reduced Fhit expression was detected in 3 (50%) of 6 cases involving lymphatic invasion and 3 (75%) of 4 cases involving venous invasion. The incidence of reduced Fhit expression in early CRCs was significantly higher in the cases involving lymphatic invasion and venous invasion than in the cases with no lymphatic or venous invasion (p=0.0018). No significant associations were found among the Mlh1, Msh2 and P53 expression and other clinicopathological parameters (Table III) .
HGM, MUC2 and CD10 expression in early colorectal neoplasms. HGM was more frequently expressed in adenomas (53%) and the adenomatous area of CIAs (87%) than in carcinomatous area of CIAs (37%) and EPCs (22%) (p<0.05). HGM expression in the carcinomatous components of CIAs tended to be decreased compared with that in the adenomatous components. MUC2 was more frequently expressed in adenomas (97%) than in EPCs (67%) (p=0.008). Moreover, MUC2 was more frequently expressed in CIAs (83%) than in EPCs (67%), but the difference was not significant. CD10 was more frequently expressed in the carcinomatous area of CIAs (33%) and EPCs (39%) than in adenomas (3%) (p<0.05) (Fig. 2) (Table IV) . There was no significant correlation between phenotypic expression and clinicopathological data in early colorectal neoplasms.
Relationship between phenotype and Fhit, Mlh1, Msh2 and P53 expression in early colorectal neoplasms. We analyzed that relationship between phenotype and Fhit, Mlh1, Msh2 and P53 expression in early colorectal neoplasms. In the Table II . Fhit, Mlh1, Msh2 and P53 expression in early colorectal neoplasms. ------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------- Reduced or absent Fhit expression was markedly higher in EPCs than in adenomas and CIAs, respectively (p=0.0001 and 0.0001). Loss of Mlh1 expression was markedly higher in EPCs than in adenomas and CIAs, respectively (p=0.008 and 0.008). P53 overexpression was markedly higher in CIAs and EPCs than in adenomas, respectively (p=0.02 and 0.002). Table III . Relationship between Fhit, Mlh1 Msh2, P53 protein expression and clinicopathological findings in early colorectal carcinomas. Mucosa  31  30  1  28  3  31  0  10  21  Submucosa  17  10  7  13  4  16  1  5  12   Lymphatic invasion  Negative  42  37  5  36  6  41  1  13  29  Positive  6  3  3  5  1  6  0  2  4   Venous invasion  Negative  44  39  5  38  6  43  1  14  30  Positive  4  1  3  3  1  4  0  1 
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Reduced or absent Fhit expression in early colorectal carcinomas was markedly higher in the cases of subumucosal invasion, lymphatic invasion and venous invasion, respectively (p=0.001, 0.0018 and 0.0018).
cases where CD10 expression was positive, 5 (50%) of 10 CIAs and 4 (57%) of 7 EPCs were positive for P53. While among the cases where CD10 expression was negative, 3 (15%) of 20 CIAs and 3 (27%) of 11 EPCs were P53 positive. The P53 overexpression rate was much higher in the CD10-positive cases than CD10-negative cases (p=0.04) ( Table V) . There was no significant association between phenotype and Fhit, Mlh1, Msh2 expression.
Discussion
There are two opposing theories regarding the natural history of colorectal neoplasms, ACS and DN carcinogenesis (1, 2) . DN cancer features a more rapid invasion than the ACS types of colorectal cancer, and in advanced cases, it is difficult to distinguish whether the cancer developed from DN or ACS. Moreover, DN carcinogenesis is thought to be characterized by superficial growth pattern (2) (3) (4) (5) . Therefore, studies on very early preneoplastic lesions are essential for understanding the molecular mechanism of colorectal carcinogenesis. In this study, we selected early colorectal neoplasms confined to the mucosa or submucosa, and assigned endoscopically resected CIAs and EPCs to ACS and DN carcinoma, respectively.
Alterations and abnormal transcripts of the FHIT gene have been reported in a number of primary human tumors, including CRCs (6-9). Recent studies have revealed that reduced Fhit expression is associated with a loss of MMR protein expression in advanced CRCs (11) (12) (13) . The results of several studies have indicated that the immunohistochemical analysis of Fhit, Mlh1, and Msh2 could be a reliable and rapid screening procedure for the identification of these gene alterations (29) (30) (31) (32) (33) . In this study, abnormal Fhit and Mlh1 expression was observed in 44.4 and 33.3% of the EPCs respectively, but rarely in adenomas and CIAs. In addition, our data confirmed an association between Fhit and Mlh1 expression. Kuwai et al (9) found the frequency of reduced Fhit expression to be significantly higher in the depressed type than polypoid type. In our study, 12 of 18 EPCs were flat or depressed. These results provide support for the hypothesis that the molecular pathogenesis of DN carcinogenesis is distinct from that of ACS with respect to Fhit and Mlh1 expression. Moreover, in a previous study, we showed that the frequency of loss of Fhit and Mlh1 expression was significantly higher in poorly differentiated specimens of advanced CRCs than in well/moderately differentiated specimens (11) . Taken together, these findings suggest that Table IV . HGM, MUC2 and CD10 expression in early colorectal neoplasms. 
HGM was more frequently expressed in adenomas and the adenomatous area of CIAs than in the cacrinomatous area of CIAs and EPCs, respectively (p=0.04 and 0.0001). MUC2 was more frequently expressed in adenomas than in EPCs (p=0.008). CD10 was more frequently expressed in the carcinomatous area of CIAs and EPCs than in adenomas, respectively (p=0.006 and 0.003).
- Table V . Relationship between CD10 and P53 expression in early colorectal carcinomas.
The P53 overexpression rate was much higher in the CD10-positive cases than in the CD10-negative cases (p=0.04).
-
some proportion of poor cases may originate from EPCs, and that the carcinogenesis of poorly differentiated CRCs may depend to some degree on a DN pathway. We also found that submucosal and lymphatic or venous invasive tumors exhibited reduced Fhit expression more frequently than the others. Previous reports found that reduced expression of Fhit is associated with progression of CRCs, suggesting that reduced Fhit expression may predict the progression of EPCs (8, 9) .
p53 is a tumor suppressor gene located on 17q13 and its mutations are thought to be involved in the adenoma to carcinoma conversion in colorectal carcinogenesis (34, 35) . Previous reports indicated that p53 is related to the enlargement and deeper invasion of superficial-type early CRC, regardless of the sequence of development (36) . The present study found that the P53-positive rate was much higher in CIAs and EPCs than in adenomas. However, we could not find a relationship between P53 and submucosal invasion. This discrepancy might be related to differences in the selection of early colorectal neoplasms.
CD10 is present on the luminal surfaces of small intestinal absorptive cells, and rarely in the large intestine (23) and overexpression of CD10 may be associated with the development and progression of CRCs (25) , as well as an increased risk of liver metastasis (37) . The present findings clearly demonstrate a significant increase of CD10 expression from adenomas to CIAs and EPCs. The present study also found that 9 of 17 CD10-positive cases and 6 of 31 CD10-negative cases were P53 positive. The P53-positive rate was much higher in the CD10-positive cases than in the CD10-negative cases. These findings are consistent with previous reports and suggest that CD10-positive carcinomas are aggressive, and overexpression of CD10 seems to be related to the development of colorectal neoplasms (25) .
MUC2 is a 550-kDa glycoprotein that is regarded as the principal secretory mucin in the colorectum and is specific for goblet cells. It has been reported that MUC2 is abundantly expressed in normal colonic goblet cells and that expression of MUC2 mucin is decreased in colonic adenoma and carcinoma cells compared with normal mucosa (21, 22, 32, 38, 39) . Velcich et al (40) reported that MUC2 is involved in the suppression of CRC in mice. Some studies have indicated that reduced MUC2 expression might be related to the malignant transformation of colorectal adenoma and carcinoma (25, 39, 41) . In our study, MUC2 mucin expression was significantly lower in the CIAs than in the adenomas. Therefore, the present study confirmed that the expression of MUC2 mucin is associated with malignant transformation particularly in the early stages of ACS. Moreover, MUC2 expression was lower in the EPCs than in the CIAs, but the difference was not significant, which is consistent with the findings of some investigators (25, 39, 42) . Our data suggest that the reduction of MUC2 expression may be associated with the occurrence and progression of CRCs in both the ACS pathway and DN carcinogenesis.
HGM, which is identical to MUC5AC (43) , is expressed by mucous cells on the surface of the gastric epithelium and by goblet cells of the fetal and precancerous colon, but not by those of the normal colon (44) . Previous studies have reported that MUC5AC is not expressed in the normal colonic mucosa, but shows increased expression in colorectal neoplasms (45) .
In the present study, markedly strong expression of HGM was observed not only in adenomas, but also in the adenomatous component of CIAs. In contrast, HGM was less frequently expressed in the carcinomatous component of CIAs and EPCs. Further studies are needed to clarify the association between gastric phenotypic expression and the development of colorectal neoplasms. Thus, there were significant differences between the phenotypic expression of the adenomatous area and adenocarcinomatous area in early colorectal neoplasms, suggesting that an analysis of phenotypic expression may have potential in the prediction of malignant transformation.
In conclusion, reduced or absent expression of Fhit and Mlh1 may be associated with the development and progression of DN carcinoma. Moreover, our results suggest that phenotypic change and P53 expression contribute to the malignant transformation of colorectal precursor lesions, at least in the Japanese population examined by us. Further characterization and elucidation of DN carcinogenesis may be expected to yield important new insights into the understanding and management of CRCs.
